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The effect of mucosal delivery of Streptococcus sobrinus glucosyltransferase 
(GTF) in bioadhesive poly (D,i.-lactide-co-glycolide) (PLGA) microparticles on 
induction of salivary IgA and serum IgG antibody responses was measured in 
Sprague-Dawley rats. Preparations of GTF/PLGA/gelatin microparticles, or 
PLGA/gelatin microparticles or GTF in alum, were administered four times at 
weekly intervals by intranasal or intragastric routes. Two subcutaneous 
injections of GTF in PLGA/gelatin microparticles or in alum were given to 
separate groups of rats. Significant elevations in salivary IgA antibody levels to 
S. sobrinus GTF were observed only in the groups immunized intranasal^ 28 
days after immunizations were begun. Five of six rats given the GTF microparticles 
intranasal^ had positive salivary IgA antibody responses to GTF, and the mean 
salivary IgA antibody level of this group was 30-fold higher than any other 
mucosally or systemically immunized group. Salivary IgA responses in the GTF- 
microparticle group remained significantly higher than all other mucosally 
immunized groups for at least 10 weeks after the primary immunization. All rats 
in'this gro\ip demonstrated aspects of anamnesis following a more limited 
secondary course of intranasal administration. Intranasal administration of GTF 
in microparticles also induced a serum IgG response to GTF in some rats. After 
secondary intranasal GTF microparticle administration, several rats had 
sustained serum IgG antibody levels that were within the range of sera from rats 
subcutaneously injected with GTF in microparticles or in alum. Thus intranasal 
delivery of GTF-containing bioadhesive microparticles induced the highest and 
longest lasting salivary immune response of any mucosal or systemic route or 
vehicle tested and could be expected to be a useful method for induction of mucosal 
immunity. 
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Glucosyltransferases conlribute to the 
molecular pathogenesis of mutans 
streptococci, chiefly because of their 
ability to synthesize extracellular glucan 
from sucrose (5). Strategies for immune 
intervention in the processes leading to 
dental caries, therefore, have included 
the development of immune responses 
to elucosyhraiisfcrasc (GTF) (14). (Jhs- 
can synthesis, which is the consequence 
of the catalytic action of GTF on su- 
crose, is an important component of the 
colonization/accumulation potential of 
mutans streptococci, and, thus the ex- 
pression of the virulence of these organ- 
isms (5). Glucosyltransferases (GTF) 
from mutans streptococci can induce 
immune responses that inhibit GTF 
catalytic activity (18), protect rodents 
from experimental dental caries (!3, 
19), and interfere with reaccumitlation 
of indigenous mutans streptococci in 
humans (15, 16). These levels of experi- 
mental protection from mutans strepto- 
coccal colonization and disease can be 
achieved by topical (16), oral (13, 15) 
or intragastric (13) application of GTF. 
although levels of demonstrable IgA 
antibody induced tend to be low and 
relatively short-lived. 

A continuing issue in mucosal vac- 
cine therapy is the problem of deliver- 
ing the vaccine to the site of antibody 
induction in an efficient and unde- 
graded state. One approach to this 
problem is to incorporate antigen into 
microcapsules for immunization. 
Microspheres and microcapsules made 
of poly(D,L-!actide-co-giycolide) 
(PLGA) have been used as local deliv- 
ery systems (1, 2, 7) because of their 
ability to control the rate of release, 
evade pre-existent antibody clearance 
mechanisms and degrade slowly with- 
out eliciting an inflammatory response 
to the polymer. Particularization of 
antigen also optimizes association with 
M cells overlaying inductive regions of 
the secretory immune system (3, II). 
However, the use of microcapsules as 
delivery vehicles for protein antigens 
has been somewhat problematic since 
most formulations require the use of or- 
ganic solvents, for example methylene 
chloride, which can denature the anti- 
gen and render much of it biologically 
inactive. Limited bsoadhesion and inap- 
propriate particle size for uptake by M 
cells have also limited the usefulness of 
this approach. However, a modification 
in PLGA micropartscle manufacture 
has addressed the problem of antigen 
degradation by incorporating antigen 



into microparticles in an aqueous phase 
(6). Increasing the bioadhesipn of 
PLGA microparticles has also been 
shown to enhance particle uptake (20). 
These antigen-loaded microparSicies, 
may, therefore, have the potential to in- 
duce a long lasting mucosal immune 
response. Thus, the present study was 
designed to explore the ability of micro- 
particles containing S. sobrinus giucos- 
yltransferase as antigen, and J% gelatin 
as bioadhesive, to induce mucosal im- 
munity by intranasal, intragastric or 
subcutaneous routes of administration. 

Material and methods 
Glucosyitransferases 

GTF from Streptococcus sobrinus strain 
6715 was obtained as previously de- 
scribed (18). After bacterial growth in 
glucose-containing defined medium, en- 
zymes were isolated from culture me- 
dium by affinity chromatography on 
Sephadex G-100 (Pharmacia Fine 
Chemicals, Piscataway, NJ) with 3 M 
guandinine HCI as the efuting solvent. 
This GTF-rich pool was then subjected 
to FPLC liquid chromatography on Su- 
perose 6 (Pharmacia) with 6 M guani- 
dine HCI for elution. The gel filtration 
step removes non-GTF and other glu- 
can-binding proteins from the GTF 
preparation, as evidenced by the fact 
that the protein bands observed after 
SDS-polyacrylamide gel electrophoresis 
were all associated with enzymatic ac- 
tivity after incubation of duplicate gels 
in sucrose. The Streptococcus sobrinus 
GTF preparation obtained after gel fil- 
tration on Superose 6 contained a mix- 
lure of GTF isozymes including GTF- 1 
and GTF-S but was essentially free of 
other proteins. Approximately 90% of 
the glucan synthesized by this prepara- 
tion was water-insoluble, under the con- 
ditions of the assay described below. 
This preparation was used for micro- 
particle preparation, immunization ex- 
periments, enzyme assays and enzyme- 
linked immunosorbent assay (EL1SA) 
measurement of antibody activity. 

Mlcroparttcle preparation 

5. sobrinus GTF was incorporated into 
the PLGA-based biodegradable carrier 
using 1 % gelatin as a bioadhesive agent. 
Bioadhesives employing secondary 
forces are most relevant for temporary 
attachment to M-ce!l surfaces prior to 
endocytosis, taking advantage of elec- 
trostatic interactions including hydro- 



gen bonding between charged hydro- 
philic groups (carboxyl. amino, sulfate), 
as wet! as hydrogen bonding involving 
uncharged hydroxy! groups (4). Mech- 
anical bonding is facilitated by these 
secondary forces (12). Studies with 
mouse ligated loop models indicated 
that gelatin had superior bioadhesive 
properties compared with Eudragil and 
lectin; thus gelatin was selected for use. 

The PLGA copolymer (Boehringer 
Jngelheim Chemicals, Mannheim, Ger- 
many) was characterized with respect to 
molecular weight distribution using gel 
permeation chromatography (Ultra- 
styragel 100 A and Ultrastyragel Linear 
columns). A ratio of 75:25 lactide: gly- 
colide was used in Shis experiment. A 
low density polymer foam was prepared 
by lyophilization of a polymer solution 
in glacial acetic acid. The polymer foam 
was cryogenically ground in a Tekmar 
Model A-10 analytical mill (20,000 
rpm) equipped with a cryogenic welt, 
cooled with liquid nitrogen, enabling 
low temperature particle size reduction. 

S. sobrinus GTF (10%) and gelatin 
(i%) were dry mixed (w/w) with PLGA 
75:25 polymer. The matrix was then 
compressed and extruded at a pressure 
of 15,000-20,000 psi and at a tempera- 
ture of 45-55'C. High-pressure ex- 
trusions ensure that the protein is fully 
incorporated with the polymer lattice 
with a concomitant reduction in par- 
ticle porosity: this minimizes premature 
release of the active agent. The sized 
PLGA/GTF/gelatin blend was loaded 
into a mold and extruded through a 
2.4-mm-diameter die using a Compac 
Type MPC 40-1 hydraulic press. Follow- 
ing extrusion the matrix was again 
cryogenically ground in a Tekmar mill 
and sieved to retain particles less than 
45 urn, Gelatin/PLGA microparticles 
that did not contain GTF were pre- 
pared under similar conditions for use 
as a control antigen preparation. 

Immunization protocol 

The mucosal immunogenicity of GTF/ 
1% gelatin dry mixed with PLGA- 
75:25, compressed and Tekmar ground 
microparticles was measured in six 
groups (groups A through F) of 
Sprague-Dawley rats, using the proto- 
col shown in Table 1. Prior to immuniz- 
ation, all rats were bled from the tail 
vein and salivated for 10 min by gravity 
collection (10 mg pilocarpine nitrate/ 
kilogram rat weight) under ether anaes- 
thesia. Immunization was initiated 



Table I, Immunization protocol 



Protocol 



Groups 




Route 


GTF 
(MS) 


Formulation 


Primary immunization 


Secondary immunization 




6 




0 


J% eelatin/PLGA 


0, 7, 14, 21 


103, 110, 117 


B 


6 


intra nasal 


60 


GTF/S'% gelatin/PLGA 


0, 7, 14. 21 


103, HO, 117 


C 


5 




20 


soluble GTF + alum 


0, 7, 14, 2! 


103, 110, 117 


D 


6 


intragastric 


60 


GTF/1% gelatin/PLGA 


0, 7, 14, 21 


103, DO, 117 


E 


4 


subcutaneous 


60 


GTF/1% gelatin/PLGA 


0 


2S 


F 


4 


subcutaneous 


5 


soluble GTF+ahim 


0 


28 



when rats were approximately 45 days 
old. Four weekly primary mucosal im- 
munizations and three weekly second- 
ary mucosal immunizations were per- 
formed in groups A-D. Subcutaneously 
injected rats (groups E and F) were im- 
munized in the vicinity of the salivary 
glands on days 0 and 28. Rats that were 
mucosally immunized with antigen in 
PLGA were given a three-fold higher 
dose than rats immunized intranasaily 
with GTF in soluble form because the 
release data (Table 2) indicated that 
somewhat less than one third of the en- 
zyme in the GTF-loaded microparticles 
was released in vino. Animals injected 
with GTF/gelatin/PLGA were given the 
same GTF dose as those mucosally im- 
munized with the gelatin-PLGA micro- 
particles, Al! rats were bled and sali- 
vated on I, 3, 7 and ! 1 weeks after pri- 
mary immunization and I, 3 and 7 
weeks after secondary immunization. 
Serum IgG and salivary IgA antibody 
were then measured by ELISA. 

Rats in groups A-C were intranasaily 
immunized with 0.03 ml of micropar- 
licle mixture distributed equally be- 
tween both nostrils with an Ependorf 
pipet. This dose was well tolerated by 
the intranasaily immunized animals; 
thus, no anesthesia was required for 
antigen administration. Rats in group 
D were immunized intragastrically with 
0.03 ml microparticle mixture via a 20 
gauge, !. 5-inch intubation needle (Poo- 



er & Sons, New Hyde Park, NY). Food 
was withdrawn 4-6 h before immuniz- 
ation and 0.1 mi of 0.2 M sodium bicar- 
bonate was added immediately prior to 
antigen administration to reduce stom- 
ach acidity. Rats in groups E and F 
were subcutaneously injected with 60 ug 
GTF/PLGA or 5 pg GTF in aluminum 
phosphate. 

ELISA 

Serum IgG and salivary IgA antibodies 
were tested by enzyme-linked immuno- 
sorbent assay (ELISA). Polystyrene 
microliter plates (Flow Laboratories, 
San Francisco, CA) were coated with 
0.2 ml of 0.5 ug/mJ of S. sobrinus GTF. 
Antibody activity was then measured 
by incubation with 1:400 and 1: 10,000- 
fold dilutions of sera, or 1:4, 1:16 or 
l:64-fold dilution of saliva. Plates were 
then developed for IgG antibody with 
rabbit anti-rat IgG, followed in se- 
quence by alkaline phosphatase goat 
anti-rabbit IgG (Biosource, Camarillo, 
CA) and />-nitrophenyIphosphate 
(Sigma Chemical Co., St. Louis, MO). 
A mouse monoclonal reagent to rat a 
chain (Zymed, South San Francisco, 
CA) was used with biotinylated goat 
anti-mouse IgG (Zymed) and avidin-al- 
kaline phosphatase (Cappel, West Ches- 
ter, PA) to reveal levels of salivary IgA 
antibody to peptides. Reactivity was re- 
corded as absorbance (A A0 $ am) in a 



o release of GTF from PLGA micropa nicies 



Time of sample 






GTF activity released/ 


incubation 


1% gelatin/PLGA 


GTF/1% gelatin/PLGA 


total GTF activity 


at 37°C (h) 


(cpm '"C-glucan? 1 


(cpm '"C-ghican) 3 


added to microparticle 


0.2 




870 


0.13 


2 


37 


1740 


0.26 


20 




1587 


0.24 


52 


38 


1226 


0.18 


96 




1012 


0.15 



a Release of GTF activity from microparticles was measured by the incorporation of i4 C 
glucose from '"C-sucrose, as described in Material and methods. 



micro plate reader (Biotek Instruments, 
Winooski, VT). Data are reported as 
ELISA units (EU) which were calcu- 
lated relative to the reactivity of appro- 
priate reference sera. 

Measurement of S. sobrinus GTF enzyme 
activity 

Nine milligrams of microparticles, ini- 
tially loaded with 0.9 mg of GTF, were 
incubated at 37°C on a platform rocker 
in polypropylene tubes containing 1.6 
ml of phosphate buffered saline, pH 
6.5, with 0.2% bovine serum albumin 
and 0.2% sodium azide. At each experi- 
mental time point aliquols were re- 
moved, spun in a microcentrifuge, and 
the supernatants tested for released 
GTF. The release of GTF from micro- 
particles was assayed by measuring the 
ability of the S. sobrinus GTF to cat- 
alyze the synthesis of glucan from su- 
crose. In the assay, 1.7 mg sucrose and 
9 nCi of [ M C-giucose]-sucrose (approxi- 
mately 17,000 cpm) are added to 0.1 ml 
of phosphate-buffered saline, pH 6.8 
with added 0.02% sodium azide, 0.1% 
bovine serum albumin, and 0.3 mg dex- 
tran primer. Incubation proceeded for 5 
h at 37°C, after which glucan was pre- 
cipitated in 3 volumes of 95% ethanol 
and radioactivity determined as pre- 
viously described (18). Assays were per- 
formed in duplicate. 



Results 

in vitro release of GTF from 
PLGA/1% gelatin microparticles 

The release of GTF from the micropar- 
ticles after incubation at 3?°C in PBS- 
azide was measured by the ability of re- 
leased GTF to incorporate ,4 C glucose 
from labeled sucrose into glucan, as de- 
scribed in Material and methods. The 
activity of an amount of free GTF, 
equivalent to fully loaded micropar- 
ticles and incubated under the same 
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Salivary IgA Antibody to GTF 



A: in. Sham PLGA 
B:i.n. GTF-PLGA 
C: i.n, GTF alum 
0;i.g. GTF-PLGA 
E: s.c. GTF-PLGA 




Fig, I. Mean and standard deviations of salivary IgA antibody levels to S. sobrinus GTF for 
all groups throughout the full course of the experiment. Group designations and treatment 
are indicated in the legend. Intranasal/intragastric (IN/1G) or subcutaneous (SQ immuniz- 
ation events are indicated by arrows beneath the abscissa. 'Hie levels of statistical significance, 
compared wiih the sham-immunized group A are indicated by asierisks (* ?<0.05; 
** /><0.01: Kruskal-Wallis ANOVA on ranks). 



conditions as the GTF PLGA micro : 
particles, was also measured and used 
to determine the percentage of enzyme 
released. The results are shown in Table 
2. The maximum release of active GTF 
from the microparticles was found to 
occur after 2 h of incubation under the 
conditions indicated. The amount re- 
leased :tt litis lime concspoiulci! to 26% 
of the GTF activity calculated to be in- 
corporated into the equivalent amount 
of microparlicles. This release rate was 
somewhat more rapid than that seen for 
microparlicles containing a prototype 
ct-amylase protein (39% release of en- 
zyme activity at 19 h of incubation), but 
was considered to be desirable for mu- 
cosa! immunization given the poten- 
tially limited period of exposure of the 
microparticles to the nasal or intestinal 
surfaces. 

Salivary IgA antibody responses to GTF 

The mucosal immune responses of ani- 
mals immunized intranasally, intra- 
gastrically or subcutaneously with GTF 
or placebo in gelatin-coated micropar- 
licles or alum are shown in Fig. 1. Sig- 
nificant elevations in salivary IgA anti- 
body levels to S. sobrinus GTF were ob- 
served only in the groups immunized 
intranasally on day 28. Five of six rats 
given theGTF/gelatin/TPLGA micropar- 
licles intranasally had elevated salivary 
IgA antibody to GTF. Two of these ani- 
mals had antibody levels which were de- 
tectable at salivary dilution of at least 
1:128. Two of the five rats given GTF 
intranasally in alum had low but posi- 
tive responses. However, the mean re- 
sponse of the alum group was less than 
1/10 that of the PLGA groups at this 
time. The GTF/gelatin/PLGA intra- 
nasally administered group B antibody 
levels remained significantly elevated 
above the sham group A levels for at 
least 69 days of the primary response. 
Three months after initial intranasal 
immunization, salivary IgA antibody 
levels continued to be high in two of the 
six group B rals (74 ELISA units and 
119 ELISA units), although the mean 
group B antibody level was not signifi- 
cantly greater than group A. In con- 
trast to group B animals, the rats in 
groups E and F, who received a single 
subcutaneous injection of GTF in 
either microparticles or microparticles, 
did not show a salivary IgA antibody 
response until day 42, following a sec- 
ond injection on day 28. 

Following a more limited secondary 



mucosal exposure to antigen on days 
103, 1 10 and 1 17 (Fig, 1), ail rats intra- 
nasally immunized with GTF/gelatin/ 
PLGA microparticles demonstrated a 
salivary IgA antibody response to GTF. 
Seven days after completion of the sec- 
ondary immunization regime (day 124), 
the mean salivary IgA antibody re- 
sponse in this group was nearly twice 
that detected on day 28. Furthermore, 
mean salivary IgA antibody levels dur- 
ing the secondary phase of the response 
to intranasally administered GTF/gela- 
tin/PLGA microparticles remained at 
or above peak primary antibody levels 
for at least 42 days. A low but signifi- 
cant increase in salivary IgA antibody 
was observed only on day 124 in the 
group C rats who had been given GTF 
in alum intranasally. No significant in- 
crease was observed in the intragastr- 
ically immunized group D. The salivary 
IgA antibody levels of groups E and F 
increased to significant levels after a 
second injection of GTF microparticles 
or GTF in alum on day 28. However, 
neither injected group achieved the level 
or duration of secretion of salivary IgA 
antibody seen after the second immu- 
nization regime given to the intra- 
nasally immunized group B. 



Serum IgG antibody responses to GTF 

Serum IgG antibody responses to GTF 
were also measured in all animals prior 
to immunization and throughout the 
course of the experiment (Fig. 2). 
Serum IgG antibody to GTF could be 
detected in all subcutaneously injected 
animals of either group E or F and in 
four or the six intranasally immunized 
rats of group B, 4 weeks after initial ex- 
posure to the antigen. No other group 
had significantly elevated serum IgG 
antibody to GTF at this time, although 
serum IgG antibody could be detected 
in at least two group C rats. 

After a second injection of GTF in 
alum or microparticles, serum IgG anti- 
body levels increased more than ten- 
fold and remained high for the duration 
of the experiment (Fig. 2). The mean 
serum IgG response in the group B rats 
remained significantly higher than a I! 
other mucosally immunized groups 
throughout the primary immunization 
period and increased significantly from 
the peak primary level (day 28) after a 
second mucosal immunization regime. 
Serum IgG and salivary IgA antibody 
levels in the group B rats showed sig- 
nificant positive correlations (Spearman 
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2 Mean and standard deviations of scrum JgG antibody levels to S. sohrimis GTF for 
all groups ihroughout tlie full course of the experiment. Group designations and treatments 
are indicated in the legend. Intranasal/intragastric (IN/IG) or subcutaneous (SC) immuniz- 
ation events are indicated by arrows beneath the abscissa. The levels of statistical significance, 
compared with the sham-immunized group A arc indicated by asterisks {* /><0.05; 
** /><0.OJ: Krusknl-Wallis A NOVA on ranks). 



rank order correlation) after both pri- 
mary (r 2 =0.996) and secondary (r 2 - = 
1.00) immunization. 

Discussion 

The results reported herein support the 
hypothesis that the dry mix method of 
incorporation of S. sobrinus GTF into 
PLGA microparticles, followed by com- 
pression, extrusion and grinding do not 
radically affect the structure of this en- 
zyme. This conclusion is based on the 
fact that significant enzymatic activity 
(26%) couid be detected in the super- 
natant of GTF-PLGA microparticles 
incubated for 2 or more hours under 
the conditions described. This obser- 
vation was supported by preliminary re- 
lease experiments with cx-amylase. Amy- 
lases are a group of enzymes that share 
with mutans streptococcal GTFs the 
ability to release glucose from polysac- 
charides. Recent modeling studies indi- 
cate that the catalytic domain of GTF 
bears striking homology with ct-amy- 
lases with regard to secondary domain 
structure and with regard to the essen- 
tial residues involved in catalytic activ- 
ity (8). Thus cc-amySase provided a use- 
ful prototype to measure the release 



rate and effect of particle preparation 
on enzymatic activity. Up to 39% of the 
loaded a-amySase activity could be re- 
covered after 19 h of incubation at 37°C 
in phosphate-buffered saline with azide 
(data not shown). The slightly higher 
amount of a-aroylase activity compared 
with GTF activity released might be ex- 
plained by the larger size of GTF. How- 
ever, both sets of experiments indicate 
that the microparticle preparation 
method preserves much if not all of the 
native structure of these two proteins, 
based on the preservation of their en- 
zyme activity. Titus, immunization with 
GTF microparticles could be expected 
to include immune responses to some 
conformationally dependent epitopes. 

Based on the amount of release of 
e'nzymatically active GTF, intranasally 
immunized PLGA-GTF rats were given 
a three-fold greater dose (calculated 
from the amount of GTF initially 
added in the manufacturing process) 
than rats intranasally immunized with 
soluble GTF. It is conceivable that non- 
enzymatically active, but immunogenic 
GTF or fragments thereof could also be 
released, thereby increasing the actual 
dose. We have qualitative evidence from 
previous experiments that some GTF 



protein remains in the microparticles 
for extended periods. Thus not all of 
the protein is released. Furthermore, if 
the GTF release data for the PLGA- 
GTF microparticles (26%) represents 
ail the immunogenic GTF released, 
then the PLGA-GTF micropariicle rats 
would have received only 78% of the 
dose received by the rats immunized in- 
tranasally with soluble GTF. These ob- 
servations, taken together with She 
finding that the subcuianeousiy injected 
PLGA-GTF rats consistently demon- 
strated significantly lower salivary and 
serum responses than did the subcu- 
taneously injected soluble GTF rats, 
despite the fact that they received a 
three-fold higher GTF dose (Table 1), 
supports the notion that the intra- 
nasally immunized PLGA-GTF rats 
did not receive a higher useful GTF 
dose than their soluble GTF immunized 
counterparts. 

Intranasal administration of antigen 
has been shown to induce salivary IgA 
antibody (17) at levels that are generally 
superior to those induced intragastr- 
icaliy (21). In the present study, intra- 
nasal application of GTF-PLGA 
microparticles was far superior to other 
routes (intragastric or subcutaneous) or 
formulation (alum) for induction of 
salivary IgA immunity after primary or 
secondary immunization regimens. The 
superiority of the intranasal, versus the 
intragastric route for induction of sali- 
vary antibody may be a consequence of 
the relatively higher dilution of particu- 
late antigen in the intestine or the 
greater potential for rapid breakdown 
of antigen in the gut versus nasal/tonsil- 
lar area. A degree of compartmentaliz- 
ation of the mucosal immune response 
may also account for this difference, in 
that nasal/tonsillar induction of mu- 
cosal immunity may favor a greater ex- 
pression of IgA antibody in the saliva 
than would induction of gut-associated 
lymphatic tissue, which favors a pre- 
dominantly intestinal expression of 
antibody activity (9). 

Microparticle bioadhesiveness may 
increase the dose of antigen available to 
induce local immune responses by in- 
creasing the time that antigen-Jaden 
biodegradable particles are in contact 
with mucosal surfaces. Montgomery & 
Rafferty (10) have shown that oral ad- 
ministration of bioadhesive degradable 
starch microparticles containing di- 
nitrophenyl-bovine serum albumen, in 
combination with L-a-lysophosphatid- 
ylcholine as a penetration enhancer, po- 
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tentiated long-lived salivary IgA re- 
sponses, compared with antigen deliv- 
ered in soluble form. In the present 
study both GTF-loaded and conirol 
PLGA preparations given inlranasally 
or intragastrically contained gelatin to 
increase the bioadhesive properties of 
the microparlicles. Although the pres- 
ent experiments do not clarify the ex- 
ten! to which the use of gelatin im- 
proved the immune response, previous 
work with the mouse ligated intestinal 
loop model (3) indicated that incorpor- 
ation of gelatin enhanced rnicroparticle 
uptake into phagocytic cells within the 
follicle associated epithelium. 

Intranasaily administered GTF- 
PLGA microparticlcs induced a sali- 
vary IgA antibody response to GTF 
that was relatively long lasting com- 
pared with other routes and modes, 
especially after secondary stimulation 
(Fig. 1). This mucosal IgA antibody re- 
sponse had aspects of anamnesis in that 
the peak secondary response was higher 
than the peak primary response (604 
EL1SA units versus 383 EL1SA units). 
Furthermore, salivary JgA antibody 
was detected at a higher level for a 
longer period of time in the secondary, 
compared with the primary, phase of 
the response to the inlranasally applied 
GTF-PLGA microparlicles. Another 
important feature was that the second- 
ary exposure to the intranasal GTF- 
PLGA microparticles converted all the 
responses of rats in whom either no or 
low primary salivary IgA antibody re- 
sponses had been detected. This sug- 
gests that repeated intranasal appli- 
cation of appropriate antigen in these 
bioadhesive microparticles could be ex- 
pected to induce an immune response in 
most subjects, despite the typically wide 
range in secretory immune responses 
seen to indigenous and artificial anti- 
gens. 

A significant serum JgG antibody re- 
sponse was also seen in several rats that 
were inlranasally immunized with 
GTF-PLGA microparticles (Fig. 2). 
This response was highly associated 
with the degree of salivary IgA response 
among animals of this group. The 
serum IgG responses seen in the most 
responsive group B rats were within the 
range of those seen in the systemically 
immunized rats by the end of the ex- 
periment (day 169: Fig, 2). The precise 
mechanisms for these responses are as 
yet unclear. One explanation would be 
that in the most responsive group B 
rats, some GTF-PLGA rnicroparticle 



fragments were phagdeytized and car- 
ried to the cervical lymph nodes, where 
they continued to supply antigen-pre- 
senting cells with GTF for induction of 
systemic immunity. In this regard, 
Wu & Russell (21) have reported that 
antibody-secreting cells appeared in 
both the superficial and posterior cervi- 
cal lymph nodes shortly after com- 
pletion of intranasal administration of 
soluble Streptococcus mutans Ag I/I J 
conjugated to cholera toxin B subuni!. 

The enhancement of the expression 
of immunity within the oral cavity after 
delivery of GTF in bioadhesive micro- 
particles indicates that this immuniz- 
ation regime may be particularly ef- 
ficient in the induction of antibody that 
could interfere with the colonization 
and accumulation of cariogenic mu- 
cosal streptococci in the oral cavity. 
Protection could be expected not only 
from the enhancement of salivary im- 
munity but also from systemic IgG anti- 
body that enters the oral cavity via the 
gingival crevicular fluid route. Intra- 
nasal application of similar formu- 
lations of bioadhesive microparticles, 
loaded with appropriate antigen, also 
holds promise for the enhancement of 
immunity to a variety of upper respir- 
atory and oral infections. 
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